Emerging evidence supports an important role of posterior parasylvian areas in both pain and touch processing. Whether there are separate or shared networks for these sensations remains controversial. The present study compared spatial patterns of brain activation in response to unilateral nociceptive heat (47.5°C) or innocuous tactile stimulation (8-Hz vibration) to digits through high-resolution functional magnetic resonance imaging (fMRI) in squirrel monkeys. In addition, the temporal profile of heat-stimulus-evoked fMRI Blood Oxygenation Level Dependent (BOLD) signal changes was characterized. By examining high-resolution fMRI and histological measures at both the individual and the group levels, we found that both nociceptive heat and tactile stimuli elicited activation in bilateral secondary somatosensory and ventral parietal areas (S2/PV) and in ipsilateral ventral somatosensory areas (VS) and retroinsula (Ri). Bilateral posterior insular cortex (pIns) and area 7b responded preferentially to nociceptive heat stimulation. Single voxels within each activation cluster showed robust BOLD signal changes during each block of nociceptive stimulation. Across animals (n = 11), nociceptive response magnitudes of contralateral VS and pIns and ipsilateral Ri were significantly greater than corresponding areas in the opposite hemisphere. In sum, both distinct and shared areas in regions surrounding the posterior sylvian fissure were activated in response to nociceptive and tactile inputs in nonhuman primates. Ó
a b s t r a c t
Emerging evidence supports an important role of posterior parasylvian areas in both pain and touch processing. Whether there are separate or shared networks for these sensations remains controversial. The present study compared spatial patterns of brain activation in response to unilateral nociceptive heat (47.5°C) or innocuous tactile stimulation (8-Hz vibration) to digits through high-resolution functional magnetic resonance imaging (fMRI) in squirrel monkeys. In addition, the temporal profile of heat-stimulus-evoked fMRI Blood Oxygenation Level Dependent (BOLD) signal changes was characterized. By examining high-resolution fMRI and histological measures at both the individual and the group levels, we found that both nociceptive heat and tactile stimuli elicited activation in bilateral secondary somatosensory and ventral parietal areas (S2/PV) and in ipsilateral ventral somatosensory areas (VS) and retroinsula (Ri). Bilateral posterior insular cortex (pIns) and area 7b responded preferentially to nociceptive heat stimulation. Single voxels within each activation cluster showed robust BOLD signal changes during each block of nociceptive stimulation. Across animals (n = 11), nociceptive response magnitudes of contralateral VS and pIns and ipsilateral Ri were significantly greater than corresponding areas in the opposite hemisphere. In sum, both distinct and shared areas in regions surrounding the posterior sylvian fissure were activated in response to nociceptive and tactile inputs in nonhuman primates.
Ó 2011 International Association for the Study of Pain. Published by Elsevier B.V. All rights reserved.
Introduction
A growing body of evidence, particularly from functional imaging studies in humans, supports an essential role of the parasylvian region, including secondary somatosensory (SII) and insular cortices, in the processing of pain, touch, thermoreception (e.g., cold) and sense of internal homeostasis [1, 11, 12 [27] , and the generation and maintenance of chronic pain states [1, 81] . Although the functional importance of the parasylvian region, particularly of the posterior portion, in pain perception has been well established, the precise nature of these functions and the underlying neuronal mechanisms remain unclear. Current evidence supports that the posterior portion of the parasylvian region, including the classic SII region (including subregions of S2/PV/VS) and posterior insula, is involved in the processing of painful and tactile information [3, 5, 11, 12, 26, [37] [38] [39] 42, 67, [77] [78] [79] 86, 91] . However, whether separate or shared cortical networks process touch and painful information remains controversial [34, 35, 59, 61, 84, 95] . The present study attempts to address this issue by directly comparing brain activation in response to nociceptive heat and innocuous tactile stimuli in areas along the sylvian fissure of individual anesthetized squirrel monkeys through high-resolution functional magnetic resonance imaging (fMRI).
To date, there is limited knowledge of the response properties of parasylvian nociceptive neurons, thus understanding the role of the operculoinsular region in nociceptive processing and pain perception has been difficult [27, 28, 77] . A systematic evaluation of the functional organization and electrophysiological properties of nociceptive neurons within the parasylvian region is urgently needed. The present study employed an ultra-high (9.4-T) MRI
